The aim of this paper is to assess and report the numeracy levels of unskilled and semi-skilled workers in three South African chrome mines in order to inform adult education practitioners of the need for greater efforts to educate mine workers. The target population consisted of 1,053 workers; the final sample was 873 participants who voluntarily agreed to partake in the study. The results presented here highlight three main findings: (1) that only 12 individuals (1.4%) were found to be numerate, (2) that female participants scored better than their male counterparts, and (3) that the numeracy level of participants older than 41 is extremely low.
Introduction
Mining has been part of South Africa's history since the 19th century. The first prospectors discovered diamonds in 1867 and gold in 1886 (Terreblance 2002) . Most jobs in the South African mining industry require manual labour. As a result, these are jobs that are available to illiterate individuals (Hunt Davis 1984; Prinsloo 1999; Rasool 1999) . In fact, in the mining industry, high levels of education among the underground workers have never been a requirement. It has been pointed out that "… many employers, including mine owners, regarded education as a disadvantage for most of the jobs they offered" (Allen 2003, p. 31) . South Africa's political history has resulted in high levels of poverty and deprivation for its black citizens. For example, under apartheid, black mine workers were denied formal education. These workers are reported to be among some of the most disadvantaged South Africans (Naidoo 2007) . In fact, it was reported in 1996 that about 80% of all mine workers had not acquired education at Grade 7 school level, rendering them functionally illiterate and innumerate (Golding 1996) . By 2006 the Sector Education and Training Authority within the Mining Qualification Authority (MQA) reported that of those in employment ten years later, 67% of mine employees had not achieved a minimum of Grade 7 education. Further, it reported that one in four of the 67% had not had formal schooling at all (MQA 2006) . What this illustrates is that in ten years the literacy and numeracy rate among mine employees has been improved by only 13 percentage points.
The South African mining industry is a critical economic pillar, accounting for 8.8% of Gross Domestic Product (GDP) (Department of Mineral and Energy, 2008) . That portion of the national GDP is generated by 485,900 people in the mining industry, representing approximately 1% of the citizens. Recently there has been acknowledgement-even among mine owners-that in the 21st century it is important to educate the corps of illiterate and innumerate workers. This acknowledgement is also a reflection of the precepts of the South African constitution, which specifically endorses the uplifting of any previously disadvantaged populace through-among other things-quality education (Republic of South Africa 1996).
Yet, in spite of these good intentions, a mere 12,731 (2.6%) of mine employees were registered for literacy and numeracy classes by 2007 (MQA 2008) . These figures suggest that mine employees are not-in fact-receiving the quality education that would be part of the uplifting of this disadvantaged population and that could put them on the path to better employment and improved socioeconomic status. Innovative educational programmes and projects aimed at improving mine workers' literacy and numeracy skills will be necessary (Memela and Land 2006) .
While the recognition of adult numeracy as an important research area, after decades of neglect of the topic, has been lauded (see, e.g., Coben 2000) , in South Africa the topic is not yet at the forefront of education research. In the South African context, very few studies have focused on adult numeracy in general. This happens in spite of most employers' expectation that workers should be able to at least perform basic mathematical calculations. Without basic numeracy skills, the large numbers of innumerate mine workers cannot be hopeful of better jobs. As noted by Bynner (2004) , "… numeracy is a key attribute in gaining and retaining employment" (p. 45). The paucity of studies on this topic has led us to identify numeracy as a problem needing urgent attention. This paper reports on the classification of mine workers, the differences in numeracy between men and women, and the relationship between age and numeracy.
Theoretical Framework
The term numeracy (quantitative literacy, quantitative reasoning and statistical literacy) was first coined in a report for the United Kingdom Ministry of Education (Crowther Report 1959). Steen (1991) defined numeracy as being "… to mathematics as literacy is to language" (p. 1). Further, Steen (1991) argued that numeracy and literacy represent "…a distinctive means of communication that is indispensable to civilized life" (p. 1). In fact, in recent decades various authors have formulated definitions for numeracy and innumeracy whose central themes revolve around numeracy being the understanding and application of mathematical principles in order to resolve life's day-to-day challenges (Paulos 1989; Evans 2000; Lindenskov and Wedege 2001; Best 2008) . Numeracy in this study is discussed in the context of De Lange (2003):
Mathematical literacy is an individual's capacity to identify and understand the role that mathematics plays in the world, to make well-founded judgments, and to engage in mathematics in ways that meet the needs of that individual's current and future life as a constructive, concerned and reflective citizen (OECD 1999). Innumeracy has been shown to have a variety of effects on people's lives. For instance, Steen (1991) has identified, among other things, (1) practical effects which have immediate impact on people's daily activities, and (2) professional effects which relate to people's acquisition of the skills required for a given employment situation. In a similar manner, Paulos (1989) has also reported potential effects of numeracy such as (1) inability to control personal finances, (2) inability to make adequate risk assessments, and (3) restricted employment opportunities. Some of the effects of innumeracy have been observed by the first author in his daily dealings with chrome mine workers. In terms of handling their finances, for example, employees often lodge requests for salary advances. This suggests that their salaries run out long before the next pay day. If the advance is granted, the subsequent pay cheque amount will be smaller, and the problem then recurs.
South Africa's democracy is in its infancy. Early political developments have involved the implementation of numerous policies. The citizenry benefits from involvement in and understanding of such policies, and there is concern that lownumeracy individuals such as mine workers will not be able to contribute to the public discourse because of an inability to understand quantitative information (Steen and Madison 2001) . Additionally, as mentioned previously, employment opportunities for innumerate individuals confined to manual labour are extremely limited (see, e.g., Bynner and Parsons 1997) .
The intent of this paper is to contribute to the body of knowledge about the status of numeracy among chrome mine workers. Specifically, this assessment can alert adult education practitioners of the need for greater efforts to educate unskilled workers. Also it can help with the development of programmes specifically suited to their circumstances. This intent is consistent with the view that "… society today ought also to value a numerate citizenry and to strive to increase the functional numeracy of the population" (Sowey 2002, p. 1) .
METHOD

Participants
The target population consisted of 1,053 mine workers from three chrome mines in South Africa. This population was comprised of only those workers classified as either unskilled or semi-skilled. Mine workers in the target population were informed about the study, and it was clearly explained that their participation was not compulsory. It was further stressed that the information they provided would be used only for research purposes. We emphasised this point as some workers expressed anxiety that any information they provided would end up with mine managers. The final sample was 873 (82.9%) participants who voluntarily agreed to participate in the study.
Instrument and procedure
The instrument used in the study was a standardised, commercially available achievement test developed and copyrighted by Media Works. The Media Works instrument for Numeracy (MWiN) was chosen because the company specialises in adult basic education remedial courses. This company provides its adult basic education and training services to the three chrome mines that were part of our study. Media Works has used the instrument in the mining industry over a long period. They have in fact indicated that results from different studies have been trustworthy and consistent. Based on this, we accepted the validity and reliability of the MWiN a priori. The choice of the instrument was based on the advice that when reliable and valid instruments are commercially available, it is sensible to use them (Welman, Kruger, and Mitchell 2005; Cohen, Manion, and Morrison 2007) .
The MWiN comprises two parts. The first part obtains participants' demographic information such as age, gender, and highest level of schooling. The second part is a standardised academic achievement test intended to assess the numeracy of adult learners. This test is designed to focus on questions that relate to everyday situations. The test scoring system categorizes test takers into four levels of competence, Level 1 being the lowest and Level 4 being the highest. There are 24 questions on the test, worth a total of 80 points: ABET Level 1 is worth 15 points, ABET Level 2 is worth 15 points, ABET Level 3 is worth 25 points and ABET Level 4 is worth 25 points. Participants had to answer all 24 questions. For classification purposes, participants scoring between 0 and 15 points were assigned to ABET Level 1. Those who scored between 16 and 30 points were assigned to ABET Level 2. Participants scoring between 31 and 55 were assigned to ABET Level 3, and those scoring 56 and higher were assigned to ABET Level 4. ABET Level 1 covers computations relating to addition and subtraction at the third-grade level. 1 ABET Level 2 covers grade-5 level concepts of multiplication and division as well as concepts covered in ABET Level 1. ABET Level 3 focuses on grade-7 level concepts such as fractions and areas of figures and includes concepts covered in ABET Level 1 and 2. ABET Level 4 covers grade-9 level concepts such as percentages, ratios, averages, volume, and solving equations as well as concepts covered in previous levels. Examples are shown in Table 1 .
The MWiN was administered in the fall of 2010 during normal class time for adult learners. In each of the three chrome mines, Adult Basic Education and Training facilitators were requested to administer the instrument. The first author managed and controlled the entire process. All the facilitators, including the first author, were familiar with the MWiN and had been trained by Media Works on teaching numeracy to adult learners and addressing queries participants may have had during the administration of the instrument. The test is a paper and pencil format with questions also digitally projected onto a screen. The screen projection has both an English question as well as a translation in Zulu (a language that most workers understand). One of the functions of the facilitators is to move around the classroom and assist participants who need help. For instance, facilitators may explain what is required in the language of the participants; however, they may not provide answers. This has been found to be useful especially for participants who were not functionally literate.
Results
Participants were 746 (85.5%) men and 127 (14.5%) women. Their ages ranged between 19 years and 62 years (M = 42.2 years; SD = 11.3). In terms of schooling, 465 (53.3%) indicated that they had completed Grade 7 or less. Three hundred and forty-one (39.1%) indicated that they had completed Grade 10 to Grade 12. With respect to scores obtained from the MWiN however, it is noteworthy that 98.6% of the participants were classified to be operating at ABET Level 2 or less (see Table 2 ). In effect, the table reveals that only 12 participants demonstrate functional numeracy based on the South African definition. Further analysis revealed that the 12 participants at ABET Level 3 were women with ages ranging from 21 years to 33 years (M = 25.2; SD = 3.2) and that they had completed schooling through Grade 12. An analysis of variance (ANOVA) was computed to determine whether differences with respect to gender could be established. Table 3 shows the mean and standard deviation of scores obtained in each level according to gender. The table also includes Levene's test of homogeneity of variance, which indicates that variance was not homogenous for ABET Level 1 scores. With respect to ANOVA, statistically significant differences were established at all levels; F (1,871) = 20.46, p < 0.05 (ABET Level 1), F (1,870) = 27.62, p < 0.05 (ABET Level 2), and F (1,870) = 13.08, p < 0.05 (ABET Level 2). Table 2 shows that the differences were due to women obtaining higher scores than men. Multivariate analysis of variance (MANOVA) was computed to determine mean differences between age groups and ABET levels. In this instance, the null hypothesis that the observed covariance matrices were equal across groups was rejected. This was because Box' M was statistically significant [Box' M = 669.75, F (12, 1205893.02) = 55.45, p < 0.05]. The multivariate test of the model was however statistically significant (Wilks' λ = 0.74, F (6, 1734) = 46.16, partial eta squared = 0.14, power =1.00). Tests revealed statistically significant differences between age groups and the three ABET levels. The calculated statistics were F (2, 869) = 93.37, partial eta squared = 0.18, power =1.00 (ABET Level 1); F (2, 869) = 146.02, partial eta squared = 0.25, power =1.00 (ABET Level 2); F (2, 869) = 55.68, partial eta squared = 0.11, power = 1.00 (ABET Level 3).
A post hoc analysis was computed to establish the specific means that were different. With respect to ABET Level 1 and ABET Level 2, Scheffe's post hoc analysis revealed that the differences were among each of the age groups (see marginal means in Table 4 ). That is, the mean scores of each age group -Lowest through 29 years, 30 years through 40 years and 41 years through Highest -were different from each other. However, with regard to ABET Level 3, the difference was between the age group 41 years through Highest and the other two age groups. 
Discussion
The results presented in this study have highlighted three main findings. These findings relate to the classification of mine workers, to establishing whether differences existed between male and female respondents, and to determining whether age had an effect on numeracy. Classification of participants from the three chrome mines indicated that only 12 individuals (1.4%) were numerate. Analysis of variance also revealed that female participants obtained better scores than their male counterparts. Further, multivariate analysis of variance indicated that, in general, the older participants (41 years and older) obtained the lowest scores in the standardised academic achievement test. A majority of these older participants were men. Perhaps these results may be explained by the fact that most women were younger and had higher school qualifications than men. Traditionally the mining industry has been a male-dominated workplace. However, more companies in South Africa, including those governed by the Mining Charter, have recently been forced by legislation to increase the number of women in the workplace. The hiring of small numbers of women with high levels of schooling likely contributes to reported overall increase in numeracy levels of mine employees. The results reported here should be a cause for concern among mine authorities. As mining is labour intensive, men will continue to make up the majority of the workforce. The recent trend to employ women with higher education levels to improve the literacy figures cannot be hidden. We are hopeful that the research reported in this paper will inform adult education practitioners of the need to design proper methodology to improve mine workers' numeracy levels. Perhaps the study will also prod mine owners to think about offering incentives for those mine workers who attend remedial classes. Such incentives could be monetary or in the form of time off from work. It may be important to note that there is currently one numeracy training site, and mine workers must travel up to 70 kilometres to reach the venue. Mine owners should consider establishing numeracy training venues closer to where employees reside.
The results of this assessment highlight the very low levels of numeracy competence among chrome mine workers. Innumerate individuals do not have the same quality of life as numerate people and are therefore at a disadvantage. To improve the socio-economic status of its workers, the mining industry needs to devote time and effort to improving numeracy levels of its employees. The importance of improving mine workers' numeracy cannot be overemphasised. In fact, such improvement may not only be beneficial to mine workers' lives but it may positively impact their children's education and society in general. Lusardi (2012, p. 10) has raised the fact that findings from both the United States and other countries: … regarding the level of numeracy is very low and particularly severe among some already vulnerable groups in the population, such as the elderly, women, and those with low educational attainment. This is problematic because numeracy has been found to be linked to financial decision making, and many governments and employers around the world are increasingly shifting the responsibility for saving, investing, and borrowing onto individuals.
If mine workers are numerate, they may gain improved understanding of financial matters. This is an important issue because it is argued that that people must be able to make well-informed financial decisions in an increasingly risky and globalized marketplace (Lusardi and Mitchell 2011) . Well-informed financial decisions are important in the South African context because this is a country with a low investment ethic. For example, it was recently reported that forty percent of South Africans are saving less now than they did six months ago, and that "[This] is not great considering [South Africans] are not great savers anyway," according to Lynette Nicholson, chief researcher of Old Mutual (The Citizen, 2011).
Limitations
It is worth pointing out that the findings presented in this study may not be generalised to all South African mine workers as the sample was not necessarily representative of all mines. We acknowledge that numeracy statistics obtained among this group of mine workers may have been affected by their literacy ability. Some mine workers who were part of the assessments may not have properly understood some of the numeracy questions. Nonetheless, we are of the view that this study is critical in exposing what is currently happening among chrome mine workers. Also the study should provide baseline information that will assist in planning by those charged with addressing mine workers' numeracy competency.
